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*P*enile biometrics in hypospadias is currently the focus of much research.\[[@ref1]\] However, in the absence of comprehensive pediatric penile anthropometry nomograms, the assessments are often subjective and are prone to interobserver variations.\[[@ref2]\] There are few studies describing penile anthropometry in children beyond neonatal age, and still few that describe penile nomograms other than penile length and diameter.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] There is scarcity of data on glans anthropometry. A study on glans anthropometry in 0--24 months, defined small glans as maximum glans width of \<14 mm, and identified it as one of the determinants contributing to glans dehiscence following hypospadias repair.\[[@ref8][@ref9]\] The authors, however, feel that this glans width cutoff may vary with age and may have different therapeutic implications say in 1-, 3-, and 10-year-old child with hypospadias. Hence, there is a need to develop age-related pediatric penile nomograms to define the range of normalcy so that the variations in penile biometrics can be better identified. The data thus generated shall establish age-matched controls for penile assessment to be used as reference model while managing hypospadias. This study aims to establish penile anthropometry nomograms in a wider age range from 0 to 16 years. These data may aid in better evaluation and management of hypospadias.

P[ATIENTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The present study included 263 boys of varying ages (0--16 years) over a study period of 1-year (October 2012 and September 2013). Boys with genetic, endocrine disorders, having genital anomaly, undescended testis, neonates and infants with nonretractile prepuce, with multiple congenital anomalies, and parental refusal to take part in the study were excluded. Of the 263 boys, 152 were assessed during the outpatient clinic visit. The indications for surgical referral were chronic constipation (*n* = 62), cervical lymphadenopathy (*n* = 22), urinary tract infection (*n* = 12), abdominal pain (*n* = 26), and hernia (*n* = 30). The remaining 111 boys were assessed during hospital admission for acute intestinal obstruction (*n* = 42), appendectomy (*n* = 24), perforation peritonitis (*n* = 28), pancreatitis (*n* = 5), and neurogenic bladder (*n* = 12). Penile anthropometry was evaluated by measuring glans circumference (GC) at coronal sulcus, transverse glans diameter at coronal sulcus (Gdcl), mid glans diameter (Gdmgl), ventral glans length (VL), and stretched penile length (SPL). The same person (SS) under the supervision of the senior author (AP) performed all measurements in a warm room, in the supine position, in the presence of a parent or a legal guardian. Measurements were taken with calipers, measuring scale, and calibrated umbilical catheter. Three readings were taken, and the mean was recorded. GC was measured with the umbilical catheter at exposed glans with foreskin retracted. Gdmgl and Gdcl were measured with calipers as the horizontal distance between two lateral edges at mid glans and at coronal sulcus, respectively \[[Figure 1](#F1){ref-type="fig"}\], as described previously.\[[@ref8]\] Glans ratios were generated by dividing Gdcl by GC. VL was measured as the distance between the distal limit of urethral meatus to coronal sulcus on the ventral glans.\[[@ref10]\] SPL was measured on the dorsal aspect of the penis as the distance between the tip of glans and the root of the penis as described previously.\[[@ref3]\] Data was expressed as mean, standard deviation (SD) and median. The correlation between age and variables was determined by nonparametric Pearson\'s correlation analysis, with *P* \< 0.05 defined as statistical significance.

![Glans anthropometry measurements, glans diameter at coronal sulcus, mid glans diameter, glans circumference, and glans ratio](JIAPS-22-9-g001){#F1}

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The patients were divided in six age groups, namely 0--1 (*n* = 61), 1--3 (*n* = 37), 3--5 (*n* = 36), 5--7 (*n* = 36), 7--12 (*n* = 45), and \> 12 years (*n* = 48). Penile nomograms are presented in [Table 1](#T1){ref-type="table"}. Glans anthropometry showed age-related variations, with GC, Gdcl, and Gdmgl (mean ± SD) ranging from 24 to 80 (47.9 ± 15.87), 10 to 43 (25 ± 9.02), and 8 to 39 (22.71 ± 8.70) mm, respectively \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. Gdcl was recorded as the maximum glans transverse diameter, and based on it small glans size varied widely from 8.9 to 35.04 mm for various age groups. However, glans ratio remained relatively constant irrespective of age and varied from 0.47 to 0.53 (mean: 0.5 ± 0.051, r = 0.29). Glans ratio (mean-2SD) varied from 0.33 to 0.51. Although glans ratio in the range of mean ± 2SD may be regarded as statistical normal, small glans is defined as glans ratio \< 2 SD for age. Based on our data, glans ratio \< 0.3, irrespective of age, denoted small glans. All the variables except glans ratio showed a significant positive correlation with age (*r* = 0.954--0.98, *P* \< 0.01). A graph depicting nomograms for SPL and VL are depicted in [Figure 4](#F4){ref-type="fig"}.

![Age-related variations in glans circumference anthropometry](JIAPS-22-9-g002){#F2}

![(a) Age-related variations in glans diameter at coronal sulcus anthropometry; (b) age-related variations in mid glans diameter anthropometry](JIAPS-22-9-g003){#F3}

![(a) Age-related variations in stretched penile length; (b) age-related variations in ventral glans length](JIAPS-22-9-g004){#F4}
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Age-related nomograms of SPL, GC, Gdcl, Gdmgl, glans ratio and VL
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The universally acceptable aims of hypospadias surgery are the formation of cosmetically and functionally acceptable phallus, with orthotopic slit-like meatus and conical glans.\[[@ref1][@ref11]\] However, evaluation of severity of hypospadias remains a matter of dispute.\[[@ref2]\] Thus, a need was felt to standardize the criteria to evaluate and classify hypospadias.\[[@ref2]\] GMS score based on qualitative assessment of glans size (G), meatal position (M), and penile shaft (S) aimed to achieve uniformity in classifying the severity of hypospadias.\[[@ref12]\] Despite the subjective nature of the G-score (glans size was graded as good, adequate, and small), this study highlighted the complexities in doing glans measurements.\[[@ref12]\] Should the glans be measured at mid glans or at its base or should a ratio be used?\[[@ref12]\] The present study is unique in that it presents detailed glans anthropometry nomograms including measurements of GC, Gdcl (maximum glans diameter), Gdmgl, and glans ratio in a wider age range. Thus, it provides a reference model to be used as age-matched controls while evaluating hypospadias population. Although glans anthropometry showed age-related changes, glans ratio remained relatively constant, and varied from 0.47 to 0.53 (mean: 0.5 ± 0.051; r = 0.29). Glans ratio (mean-2SD) varied from 0.33 to 0.51, implying that glans ratio of \< 0.3 may denote small glans irrespective of age. The earlier study on glans anthropometry defined small glans as maximum glans width of \< 14 mm.\[[@ref8]\] The present study, however, showed that maximum glans width varies with age from 8.9 to 35.04 mm and that this definition is inappropriate for older children. Future studies are needed to evaluate glans anthropometry in hypospadias, and to study its impact on postoperative outcomes like glans dehiscence. Preoperative hormonal stimulation in hypospadias is often given empirically for "small appearing penis or small glans penis with maximum glans diameter \< 14 mm."\[[@ref2][@ref8]\] Patient selection based on Gdcl \< mean -2 needs further investigations. Glans ratio may also be used to evaluate the cosmetic outcome following surgery.

There are many studies describing penile length variations in the neonatal age group of various ethnicities.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] The values of SPL in this study are in accordance with those reported earlier.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] Penile length variations in hypospadias are known to occur due to mild hypogonadism during fetal development.\[[@ref1]\] Penile length nomograms can be used as age-matched controls while studying variations in hypospadias population. The data on VL are in congruity with earlier descriptions of the anatomy of the external urethral meatus and provide a yardstick for cosmetic outcome evaluation after hypospadias repair.\[[@ref10]\] All the reported variables are simple and reproducible and can be measured easily in hypospadias. Although similar ethnicity of study population poses a limitation, yet to our knowledge, this is the first study to present a detailed glans anthropometry with glans ratio. Although penile length is known to have ethnic variations, whether this holds true for glans anthropometry needs to be looked into by further studies. Besides, much more can be learned from multicenter trials to study the ethnic variations, and to compare these variables in hypospadias population. These data may be used as a reference range in objective preoperative assessment, patient selection for preoperative hormonal stimulation and as a yardstick for postoperative cosmesis.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

We have established a reference range of penile anthropometry from 0 to 16 years. This may be of value to a hypospadiologist in preoperative assessment, subsequent decision making, and in the evaluation of postoperative cosmesis.
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